LINEAR REGRESSION WITH AMAZON AWS MACHINE LEARNING

Here we show how to use Amazon AWS Machine Learning to do linear regression. In a previous
post, we explored using Amazon AWS Machine Learning for Logistic Regression.

To review, linear regression is used to predict some value y given the values x1, x2, X3, .., Xn. in other
words it finds the coefficients b1, b2, b3, .., bn plus an offset ¢ to yield this formula:

y = bix1+ b2x2 + b3x3 + ... + C.

It uses the least squares error approach to find this formula. In other words, think of all these values
X1, X2, .. existing in some N-dimensional space. The line y is the line that minimizes the distance
between the observed and predicted values for all these values. So it is the line that most nearly
split right down the middle of the data observed in the training set. Since we know what that line
looks like, we can take any new data, plug those into the formula, and then make a prediction.

As always models are built like this:

e Take an input set of data that you think it correlated. Such as hours of exercise and weight
reduction.

» Split that data into a training set and testing set. Amazon does that splitting for you.

e Run the linear regression algorithm to find the formula for y. Amazon picks linear regression
based upon the characteristics of the data. It would pick another type of regression or
classification model is we picked a data set that for which that was a better fit.


https://blogs.bmc.com/blogs/intro-to-amazon-machine-learning-with-logistic-regression/

e Check how accurate the model is by taking the square root of the differences between the
observed and predicted values. Amazon actually uses the mean of this difference.
» Then take new data and apply the formula y to make a prediction.

Get Some Data

We will use this data of student test scores from the UCI Machine Learning repository.

| copied this data into Google Sheets here so that you can more easily read it. Plus | show the
training data set and the one used for prediction.

You download this data in raw format and upload it to Amazon S3. But first, we have to delete the
column headings and change the semicolon () separators to commas (,) as shown below. We take
the first 400 rows as our model training data and the last 249 for prediction. Use vi to delete the first
from the data as Amazon will not read the schema automatically (Too bad it does not).

vi student-por.csv

sed -i 's/;/,/9' student-por.csv

head -400 student-por.csv > grades400.csv
tail -249 student-por.csv > grades249.csv

Now create a bucket in S3. | called it gradesml. Call yours some different name as it appears bucket
names have to be unique across all of S3.

Create bucket

@ Hame and region I:._E'::I Set properties I,..SI Seft permissions

Copy settings from an existing bucket

Then upload all
3 files.


https://archive.ics.uci.edu/ml/datasets/student+performance
https://docs.google.com/spreadsheets/d/1Q5W1ZyzbZ69O6Fcg6Vg24ilCkCVNM2Qzu90nftsV-to/edit?usp=sharing
https://archive.ics.uci.edu/ml/machine-learning-databases/00320/student.zip

Amazon S3 > gradesml

& Upload <4 Create folder More -~

This bucket is empt

(’,ﬁ > Note the https link

and make sure the permissions are set to read.



AIMELON 23 2> Qrduesimi

student-por.csv Latestversion «

Overview
Open Download Download as Make public Copy path
Owner

critique_americain

Last modified
Mar 15,2018 11:35:12 AM GMT-0400

Etag
973e7bacf3al16bd16e92185dfd64706b

Storage class
Standard

Server side encryption
Monge

Size
Q3220

Link
https.//s3-eu-west-1.amazonaws.com/gradesml/student-por.csv

permissions:

Give read



student-por.csy

PerTrisng

Aecess for your AWS account

Accgurd ) Readd object )

critique, BmeTiCan Yes
Access for other AWS accounts

Acogund [h Resd obgect ()
Public access

Grenp ) Read obgect O

D Ewerysne

Bead objed permiisions )

Wirite object permiasloss )

Everyons will have scoeis 1o ofe of all of the following
read this object, resd and wr e permissons

l Fead chjeci

e L]

T T Oy Tl C lick on
Amazon Machine Learning and then Create New Data Source/ML Model. If you have not used ML
before it will ask you to sign up. Creating and evaluating models is free. Amazon charges you for
using them to make prediction on a per 1,000 record basis.

@ Machine Learning

Amazon SageMaker
Amazon Comprehend
AWS Deeplens
Amazon Lex

Machine Learning
Amazon Polly
Rekognition

Amazon Transcribe

Amazon Translate

("1}

Analytics

Athena
EMR
CloudSearch

Datasource and ML model.

5

Group A

AR & VR

Amazon Sumerian &

Application Integration

Step Functions

Amazon MQ

Simple Motification Service
Simple Queue Service
SWF

Customer Engagement

Amazon Connect
Pinpoint

Simple Email Service Click create new



£ Amazon Machine Learning ~

Objects

Create new... - -

Datasource and ML model

Datasource
ML model $ Type s ID
Evaluation
o model: banking Batch prediction bp-zb6xF

Batch prediction

*  Evaluation: ML model: banking Evaluation ev-obyth

» ML model: banking ML model mil-BwZ5

» bankina [percentBeain=70. percentEnd=10 Datasource ds-TWFEFiIll in the S3 location

below. Notice that you do not use the URL. Intead, put the bucket name and file name:

Click verify and Grant Permissions on the screen that pops up next.
i5
10w 1o access your data and give it permission (0 AOCEsSS il

| ion *
53 locatio s34 | gradesmigrades csv

Enfer the paih o a single file or iolder in Amazon 53. You need ko grand Amacon ML penmission o read This data
Leain mone

It you already have a schema for this data, provide itin a Sle at s3J<path-of-input-data= schema. If you don'thave a
schema, Amazon ML will help you create one on Me next page. @

SOUrce name

The vahidation is successful. To go to the next step, choose Continue

Datasource name Student-por.csy
Data location 53 ligradesmligrades csv
Data format C5V
Schema source Aulo generated
Number of files 1
Total size 67.6 KB

- quulr!d Reset Cancel m
Give the data

source some hame then click through the screens. It fill make up field names (we actually don't care
what names it uses since we know what each column means from the original data set). It will also
determine whether each value is categorical (drawn from a finite set) or just a number. What is
important for you to do is to pick the target. That is the dependant value you want it to predict, i.e., y.
From the input data student-por.csv pick G3, as that is the student's final grade. These grades are
from the Portuguese grammar school system and 13 is the highest value.



Below don't use students-por.csv as the input data. Instead use grades400.csv.

1. Input Data

Input data

Impsort your data o oreate an Amazon ML datasource. Amazon ML can use your dalasowrce 1o créate and evaluate an ML model, and you Can us

Where is your data? ‘ &3 ' Amazon Redshif

53 data access
Tell Amazon ML how o access your data and give it permission 1o access it

T
53 location s3if

schema. I you dont have a

Datasource name

* Required

Sorwicen - Rrrource Groups *

N Learning = Datasources » Creale datasource

Amaron WL stanmed your npot data and ifermed the column namen snd dats pe for aach of the colmen in yow dalaset v and edd S dals bype b nach colume 1o srsure that £ socurately ropresenty

q Mems par page: | 48 - 1-10ai%33 B
Hame H Duaba 1ype ¥ Bamaple feeld value 1 Barple hield valus T Farmple held vabee 3
Calegorical =
Calegorical =
Meameic =
Categorical =
Categorical =
Categorical =
Beaitartes v
8 'arled heafraiiic: =
Calegorical =

Calegorical =

1-10clf33 3 »

conct_ revonn | ([

W Fesdback ) Englich (US) v w1 o L NO\X/ Amazon
builds the model. This will take a few minutes.



ML model summary

[[+]

Namae

Type

Creation time

Completion time

Compute Time (Approximate)
Status

Log

Datasource (training)

Datasource ID
Target

Input schema

Evaluations

Evaluations ereated

Latest evaluation result

Predictions

CloudWateh metrics

mkQ5GEIdTgTX

ML model traming #
MNumncal figresson

Mar 15, 2018 12:17:24 PM
Mot available €

Mot available €

Not available

ds-ESYIUuZONWLU
_Target_

Wiirw mpat Schema

1

Mot available

Perform another Evaluation

i View in CloudWatch

A single dataset
Generate one-time predictions for a single dataset

Generate batch predictions
Try real-time predictions

Generate real-ime predictions in your browser.

Enable real-time predictions

To enable real-time predictions now, create a real-time prediction endpoint

While waiting
are create another data set. This is not a model so it will not ask you for a target. Use the
grades249.csv file in S3, which we will use in the batch prediction step.



£ Amazon Machine Learning -

Objects
-
Filter: Alltypes ¥ Q ltems per [
Name * Type = ID = Status =
P predicition Datasource ds-yBotRTrXRo5
¥ Ewvaluation: ML model: training Evaluation ev-1XUCxHIIMzG Completed
¥ ML madel: training ML model ml-Q5GEIdTgTX) Completed
- lmmrmnntBanin=T anecnatBEnd—1 [ YT Vp——— A BudN~TEDOR. T Now the

evaluation is done. We can see which one it is from the list above as it says evaluation. Click on it.

We explain what it means below.
Evaluation Summary

18]

Name

Datasource D

Output location

Creation time

Completion time

Compute Time (Approximate)
Status

Log

ML madel performance

ev-1XMUCxHIlMzG

Evaluation: ML model: traming #
ds-ByllcTERBSEr

Mol avalable

Mar 15, 2018 12-17:24 PM

3 minz.
2 mins.
Completed

Download kog

On your most recent evaluation, ev-DIUCxHIIMzG
RMSE: 1.7457

the ML model's quality

score 5 better than the basehne

III Explore model performance
—m .l_

Tags add or edit tags

Amazon shows

the RMSE. This is the square root of the sum of the squared differences of the observed and
predicted values. We square and then take the square root so that all the numbers are positive, so
they do not cancel each other out. Amazon also uses the mean, meaning average, by multiplying
this sum by 1 / n, where n is the sample size.

If the model and the evaluations were the same, this number would be 0. So the closer to o zero we
get the more accurate is our model. If the number is large, then the problem is not the algorithm, it is
the data. So we could not pick another algorithm to make it much better. There is really only one
algorithm used for LR, finding the least squares error. (There are more esoteric ones.) If MSE number
is large then either the data is not correlated or, more like, most of the data is correlated, but some



of itis not and is thus messing up our model. What we would do is drop some columns out and
rebuild out model to get a more accurate model.

What value means the model is good? The model is good when the distribution of errors is a normal
distribution, i.e., the bell curve.

Put another way, click Explore Model Performance.

ML model performance

This chart shows the distribution of the residuals of your ML model, Learn more

Select bin wadth 1 05 02 0.1 0.05

ELT

30

23

20

2 j oo 2

5
u—-
|

Tags addor edit tags

Prediction < Target 1 Prediction > Target

N tane See the
histogram above. Numbers to the left of the dotted line are where the predicted values were less
than the observed ones. Numbers to the right are where they are higher. If this distribution were
entered on the number 0 then we would have a completely random distribution. That is the idea
situation where our errors are distributed randomly. But since it is shifted there is something in our
data that we should leave out. For example, family size might not be correlated to grades.

Above Amazon showed the RMSE baseline. This is what the RMSE would be if we could have an
input data set in which there was this perfect distribution of errors.

Also here we see the limitations of doing this kind of analysis in the cloud. If we have written our own
program we could have calculated other statistics that showed exactly which column was messing
up our model. Also we could try different algorithms to get rid of the bias caused by outliers,
meaning numbers far from the mean that distort the final results.

Run the Prediction

Now that the model is saved, we can use it to make predictions. In other words we want to say given
these student characteristics what are their likely final grades going to be.

Select the prediction datasource you created above then select Generate Batch Predictions. Then
click through the following screens.



ID

Mame

Creation time

Completion time

Compute Time (Approximate)
Status

Message

Input schema

Log

53 location
Number of files
Data format
Total size

Data rearrangement

1. ML rodel lor batch predictcn

ML model for batch prediction

Chooci Thie MIL masdied b3 it be Qi Wt Baitch prasdectsoeres. Baichi pra-duatenns Qanerab posdectord Al 41 oros o0 & Linge maambaer of data re
Salect am ML model
[+
ML model name ML model 1rnmg
ML meedel ID  mil-QSCEaITg T Irgpiit Sohema e opul Sl
ML model type  Numisscal regresson Target aitribute _Tanget
Creation time  Mar 15 2018 12 17 24 Pad Targel type  NUMERIC
Status  Cos Humber of astributes 33
Datasowios 1D da-E Ewalations ofealed 1
Log Downicad kg Labest eralaation 1 786 [AMSL
resull
Batch predictions [0
ereated
Tags
o tags
B You selecied ML model mi-0S5EaTg 7. To go 0 the next siep, choose Continue

ds-yBotR7rXRob
predicition #

Mar 15, 2018 12:25:39 PM
4 mins. €@

13 mins. €@

Completed

Mot available

View input schema

Download log

Use this datasource to ~

Create (train) an ML model

Evaluate an ML model

Generate batch predictions

CsV
34.6 KB

Mone

Changs ML maded

—




ML model settings

You can use the automatically suggested ML model settings, or you can choose to customize

ML model type

ML model target

ML model name
[Optional)

Select training and
evaluation

REGRESSION @

_Target_

ML modet training

Amazon ML reserve a portion of the input data for evaluation. Learn maore

settings

Evaluation Mame

= Default (Recommended)
= Generate a default recipe
= Lse default raining parameters
= Set aside 30% of your Iraining data 1o
evaluate the training

« Sphit the evaluation data sequentially @

Custom

genarates
= Modify training parameters

evaluation data

Evaluation: ML model: training

then create ML model.

1, ML miodel for balch predic ion

2. Data for batch prediction

Data for batch prediction

Locate th wmpul data 1o e or the Balkch prechetion. Learm more aboul 53 penmmiond

Locate the input data & | already created & dathsourcs ponisng 1o iy 53 data

You selpctad ML modal ml-QSGETT Y

Q

Datasource name

Datasource |D
Creation time
Status
Datasource type
53 locatian
Dt Tormat

Dats rearrangement

Tags

Mo Ly

predicition

dis-yBotR TrRo&

Mar 15, 2018 12:25:39 PM
Completed

53

adligradesmligrades? 49 oo
sy

Mone

Cancel

My data s om 53, and | need 1o create & dalasouce

Input sohema

Target attribute

Target type

HNumber of attributes
Models trained
Evaluations ereated
Batch predictions created

= Modify the recipe Amazon ML

Recipes and traiming parameters control the ML model training process. You can select these settings
for your ML model or use the defaults provided by Amazon ML. In ether case, you can choose 1o have

= Randomly or sequentially split your

S

Click review

Cha

View input schema

33

Here we tell it

where to save the results in S3. There it will save several files. The one we are interested in is the one
where it calculates the score. It should tack it onto the input data to make it easier to read. But it
does not. So | have pasted it into this spreadsheet for you on the sheet called prediction and added
back the column headings. | also then added a column to show how the MSE mean squared error is

calculated.



https://docs.google.com/spreadsheets/d/1Q5W1ZyzbZ69O6Fcg6Vg24ilCkCVNM2Qzu90nftsV-to/edit?usp=sharing

1. ML model for batch prediction 2. Data for batch prediction 3. Baich prediction results

Batch prediction results

The estimated cost for generating your predictions is $0.10. This estimate is based on the 249 data records included in your prediction rec

The Amazon ML fee for batch predictions is $0.10 per 1,000 predictions, rounded up to the next 1,000. Learn more

Type the path 1o the 53 location in which the prediction results will be saved

53 destmation 531 gradesml/prediclions.csv
Batch prediction name |

h pr n: ML model trainin
(Optional) Batch prediction: ML modek: training

——— -

Batch Predictions » Create baich prediction

; Amazon Maching Learming

L NI modsl i Saleh peids tion 2. Dats for Bunichs pracic taon X Bade®y pische bion ety A R
Review

Revwrw ard make any changss, and then cick Finnd

ML madel for batch prediction Edit
ML model Mame 8 m
ML el ID im0
Data for batch prediction —
Datasource mame  redeton
Duta lpgation 53 Dpradesmbgradesdd om
Edit

Batch prediction results

Outgat location 53 Ogradesmiipradactons opy
Batch prediction mame  Balich predefon WL sodel aning

Cost Estimate

Thie dS0aTLanEd D04 IO Qv Rten] el Pt tadnid o BOL0 The danmans & backed ot 249 daln reoodds o boadiad o s praduTedd disgs

The Amason ML, few dor baich predctons & $8.10 par 1,000 predic b, rorandesd o bo the e L0

Tags @

Amarcn WL cogees & masamie of L0 g frem parens obpecis. B the bsi io ket the Lage you maeisd

Mo fags

Cancel Previou Ereate batdh prediction



Batch prediction summary

D

Mame

Creation time
Completion time
Compute Time (Approximate)
Status
Datasource ID
ML madel ID
Input 53 URL
Output 53 URL
Log

Processing information

Number of records seen

Records that failed to process

bp-ebhjggKYchO

Batch prediction: ML model: training #
Mar 15, 2018 12:43:38 PM

Mot avaiable

Mot available @

ds-yBotRTrXRo5
mil-Q5GETgTX)
s3Ngradesmligrades249.csv
s3:igradesml/predictions. caw

Mot availlable

Mot available
Not available

As you can see,

it saves the data in S3 in a folder called predictions.csv. In this case it gave the prediction values in a
file with this long name bp-ebhjggKYchO-grades249.csv.gz. You cannot view that online in S3. So
download it showing the URL below and look at it with another tool. In this case | pasted the data
into Google Sheets.

Overview

Q, Type a prefix and press Enter to search. Press ESC to clear.

X Upload + Create folder More ~

(] Name T= Last

(| ® predictions.csv -

Mar

L1 [ grades249.csv 040¢

Mar

| des400.
T [ grade csv 040¢



bp-ebhjggKYchO-grades249.csv.gz v

DvEniEw mm

Qpen Download Download as Make public Copy path

Owner
amazon-machine-learning-admin+dub

Last madified
Mar 15, 2018 12:44:38 PM GMT-0400

Etag
se0ad3aalbbad0f2afo1 31e08dedbdSe

Storage class
Standard

Server side encryption
None

Size
1155

Link
hitpsyys3-eu-west-1.amazonaws.com/gradesml/predictions.csv/bat ch-predictions/result/bp-ebhjggKYchO-grades249.csv.gz

Download the
data like this:

wget
https://s3-eu-west-1.amazonaws.com/gradesml/predictions.csv/batch-prediction/
result/bp-ebhjggKYchO-grades249.csv.gz

Here is that the data looks like with the prediction added to the right to make it easy to see. Column
AG is the student's actual grade. AH is the predicted value. Al is the square of the difference. And
then at the bottom is MSE.

health G (obs-pred) sqrd

4 4 15 14 17 13.30 13.70996729
S 14 13 14 12.18 3311817626
4 0 11 12 13 12.68 0.1035101929
1 10 12 15 15 14.13 0.7519317796
4 4 12 16 16 13.1.1.| 5.3?911440?.
5 16 10 11 1 8.30 7.28465498
3 G 10 13 13 11.27 2.991585344
5 9 12 12 10.49 2.27T0657197
3 1 9 11 12 9.44 6.53817229
2 9 13 14 15 12.14 819110124
4 0 13 17 17 14.61 5.729368832
4 2 12 15 15 13.06 3.750729422
3 0 14 17 17 15.52 2. 18750016
A

a1 o 1 101 7 98 7 EANYOGTAR

raw predict




